Thick forced regressive units on the wide continental shelf of the Gulf of Lions (western Mediterranean) recorded the composite effect of sea level changes during the Quaternary. They are mostly composed of coastal siliciclastic and bioclastic wedges showing clinoform geometry. These deposits have been intensively explored through high-resolution seismic investigations, but only recently it was possible to ground truth seismic interpretations, based on a long (100 m) borehole that crossed the succession and recovered a large part of the mainly sandy deposits ( 84% recovery). A multiproxy analysis of the sedimentary succession shows that (1) the stratal architecture of the shelf margin is defined by major bounding surfaces that are polygenic erosion surfaces associated with coarse-grained material incorporating abundant and diverse shells, including cold-water fauna (presently absent from the Mediterranean Sea). Between each surface, coarsening upward units with steep (up to 5°) foresets are made of massive (more than 20 m thick) sands with possible swaley and hummocky cross-stratification, passing seaward to sands with muddy intervals and, further offshore, alternating highly boiturbated sands and silts. Each prograding wedge corresponds to a forcedregressive shoreface (or delta front/prodelta), deposited during the overall sea level falls occurring at (relatively slow) interglacial/glacial transition and therefore represents the record of 100 ka cyclicity. Higher-frequency Milankovitch cyclicities are also probably represented by distinct shoreface/delta front wedges; (2) detailed examination of the architecture and chronostratigraphy of the most recent sequence shows that minor bounding surfaces, corresponding to abrupt shallowing of sedimentary facies, separate downward stepping parasequences within the last 100 ka sequence. These events are in phase with millennial-scale glacial climatic and sea level variability, the downward shift surfaces corresponding to the falls during the coldest stadials. These deposits provide a comprehensive and well-constrained Pleistocene analog to the numerous shoreface deposits attributed to falling-stage systems tracts recognized in ancient stratigraphic records, studied at the outcrop scale.
Thick forced regressive units on the wide continental shelf of the Gulf of Lions (western Mediterranean) recorded the composite effect of sea level changes during the Quaternary. They are mostly composed of coastal siliciclastic and bioclastic wedges showing clinoform geometry. These deposits have been intensively explored through high-resolution seismic investigations, but only recently it was possible to ground truth seismic interpretations, based on a long (100 m) borehole that crossed the succession and recovered a large part of the mainly sandy deposits ( 84% recovery). A multiproxy analysis of the sedimentary succession shows that (1) the stratal architecture of the shelf margin is defined by major bounding surfaces that are polygenic erosion surfaces associated with coarse-grained material incorporating abundant and diverse shells, including cold-water fauna (presently absent from the Mediterranean Sea). Between each surface, coarsening upward units with steep (up to 5°) foresets are made of massive (more than 20 m thick) sands with possible swaley and hummocky cross-stratification, passing seaward to sands with muddy intervals and, further offshore, alternating highly boiturbated sands and silts. Each prograding wedge corresponds to a forcedregressive shoreface (or delta front/prodelta), deposited during the overall sea level falls occurring at (relatively slow) interglacial/glacial transition and therefore represents the record of 100 ka cyclicity. Higher-frequency Milankovitch cyclicities are also probably represented by distinct shoreface/delta front wedges; (2) detailed examination of the architecture and chronostratigraphy of the most recent sequence shows that minor bounding surfaces, corresponding to abrupt shallowing of sedimentary facies, separate downward stepping parasequences within the last 100 ka sequence. These events are in phase with millennial-scale glacial climatic and sea level variability, the downward shift surfaces corresponding to the falls during the coldest stadials. These deposits provide a comprehensive and well-constrained Pleistocene analog to the numerous shoreface deposits attributed to falling-stage systems tracts recognized in ancient stratigraphic records, studied at the outcrop scale.
Introduction
Prograding beach-shoreface deposits are a common component of the stratigraphic record [Walker and Plint, 1992] . They correspond to one of the key "facies models" utilised by sedimentologists studying the stratigraphic record, and the analysis of their evolution through time is at the origin of most sequence-stratigraphic paradigms [Posamentier et al., 1992] . Beach-shoreface deposits are very sensitive to base-level changes, thus they have been also utilized, under certain conditions, as "dipsticks" for sea-level changes . In addition, because of their high content of well-sorted sand, they also represent potential reservoirs for hydrocarbons.
However, the shallow marine processes that are recorded in detail within shorefaceforeshore-shelf parasequences are barely known. This is mostly due to the lack of lithological data on Quaternary shoreface deposits, which are mainly known through high-resolution seismic investigations or from interpretation of outcrops examples of ancient shoreface deposits. The term "shoreface" is used here in the sense of van Wagoner et al. [1990] , i.e. sediments deposited between the foreshore and the storm wave base. In a wave-dominated deltaic setting, it corresponds to the delta front and prodelta domains, and it is generally difficult, in the stratigraphic record, to make the distinction between both settings, especially when longshore drift modifies the geometry of sand bodies [Bhattacharya and Giosan, 2003] . The Gulf of Lions, in the NW Mediterranean Sea has been the subject of intense high-resolution seismic investigations during the last 10 years [Berné et al., 2004] . Because of high sediment supply and rapid subsidence it offers an exceptional record 165 m water depth, a large portion of the continental shelf was exposed during glacial periods. As a result, the stratigraphic record displays major erosional surfaces resulting from subaerial and shallow marine erosion during sea-level falls, lowstands and sea-level rises.
The cyclically stacked Plio-Quaternary sequences have been object of seismic investigations over the last 30 years by several authors who proposed a number of conceptual and/or numerical stratigraphic models [Aloïsi, 1986; Berné et al., 1998; 2004; Lofi et al., 2003; Monaco, 1971; Rabineau et al., 2005; Tesson et al., 1990; . A review of these investigations is given by Rabineau et al. [2005] . Most of the middle and outer continental shelf consists of prograding wedges that display internal reflections showing alternating low angle (<1°) and high angle (>4°) clinoforms. Based on shallow cores and stratigraphic modelling, this elementary "motif" was interpreted as the result of alternating deposition of high energy (sandy upper shorefaces/delta fronts) and low energy (muddy lower shorefaces or "offshore" deposits) during late Quaternary sea-level changes. The large (>100 km) lateral extent of these sand bodies suggest a global (sea-level) control on their deposition.
However, the nature of the prograding shorefaces remained controversial; some authors interpreted them as the product of deposition during the falling stage of sealevel [Aloïsi, 1986; Berné et al., 1998; Rabineau et al., 2005] whereas others proposed that they could correspond to transgressive parasequences (in the sense of Van Wagooner et al. [1990] ) formed during the early stages of sea-level rises [Tesson et al., 2000] . Also, the formation timing of these deposits remained elusive, with some authors interpreting the major bounding surfaces separating each prograding unit as sequence boundaries linked to the 100 ky glacial/interglacial cycles [Aloïsi, 1986; Lobo et al., 2005; Rabineau, 2001] , whereas others ascribed them to higher-order (20ky) cyclicities [Tesson et al., 1993; . 
Methods
The data were collected onboard SRV "Bavenit" of the Russian company "Amige", operated by Fugro. In order to evaluate sediment types to be cored, and for geotechnical characterisation, we first performed a continuous CPTU (Cone Penetration Test Unified) at site PRGL2-1, distant a few m from the PRGL2-2 site where continuous coring was carried out. The test was made with a static penetrometer measuring: -cone resistance (kPa); -sleeve friction (kPa); -pore pressure acting on the cone (kPa).
The CPTU equipment and the procedures adopted during the cruise operations are in accordance with the International Reference Test Procedure published by the Society of Soil Mechanisms and Geotechnical Engineering (ISSMGE, 1999) . Estimation of sediment types based on geotechnical properties was done using the method of Soil Classification established after Ramsey [2002] .
An important application of CPTU measurements is the prediction of the stratigraphy and lithology of buried sediments. Thanks to the combination of three CPTU measurements (cone resistance, lateral friction, pore pressure, [Ramsey, 2002] ) it is possible to define the soil type based on a soil classification chart (see details in Lafuerza et al., this volume) . It relies on a large CPTU database adapted and All geotechnical data were combined for soil characterization, considering that the pore pressure (u 2 ) is mainly related to the permeability of sediments, whereas the resistance to cone penetration (qt) and the lateral friction (fs) can be directly correlated to a particular lithology.
Core sections, from 0.80 to 1.5 m in length, were recovered using a suite of FUGRO corers, including a piston corer, a "WIP" corer and a FUGRO corer. Overall, about 50% of the drilled section consisted of sand, making core recovery difficult.
However, within very sandy intervals, the strategy consisted to core down to the maximum of penetration, then, when core recovery was less than 50 cm, to drill only 50 cm in order to minimize the gaps. This time-consuming operation allowed overall recovery of 84%.
Physical properties of collected cores were measured onboard using a GEOTEK Multi-Sensor Core Logger (MSCL), by means of: -gamma-ray density; -P-wave velocity; -magnetic susceptibility.
Magnetic susceptibility was measured a second time in the laboratory on split cores.
To link lithological, seismic and geotechnical data, a time-depth conversion was constructed using P-wave velocities from MSCL. From this calculation, all logs were converted into a time scale (ms, Two Way Travel Time, TWTT). In addition, velocities of fine-grained intervals were measured using a pair of transducers oriented along the core axis. The very good match between major lithological changes and boundaries of seismic units demonstrates the validity of the method. All cores were visually described, and X-ray images were realized for the most significant sections. The X-ray radiography was particularly useful for enhancing subtle sedimentary structures not easily identified on freshly-cut core surfaces.
Measurements of carbonate content (Bernard calcimeter, precision ±2%) and grain size analyses with a laser microgranulometer (Coulter counter LS130; size range 0.4 μm to 1 mm) were made on the total sediment fraction on samples collected every 20 cm (with the exception of gravel beds).
In order to establish a biostratigraphic control, the cores were analysed onboard for calcareous nannoplankton [Colmenero and Gravalosa, personal communication] , additional samples being analysed after core splitting in the laboratory. Reimer et al., 2004] was used with no deviation from the mean global reservoir correction (-400 y). For continental material the Intcal04 calibration curve [Reimer et al., 2004] was used. For ages beyond 21,880 14 C BP, the Glacial Polynomial [Bard et al., 1998 ] was used. Calendar ages are given with 1 sigma standard error.
Beyond the radiocarbon dating resolution, chronostratigraphy was obtained by estimations of the abundance of biostratigraphically significant coccolith taxa, following the criteria of Raffi and Flores [1995] .
In addition to core data, spectral gamma ray measurements were performed in situ by means of wireline logging. showed no major features but total gamma ray counts were utilised as clean sand vs.
clay indicator.
Results

Seismic sequences and surfaces
The overall seismic stratigraphic organization of the shelf/upper slope is summarized in Figure 2 . In the Gulf of Lions margin, prograding wedges, attributed to forcedregressive systems tracts [Hunt and Tucker, 1992] thicken seaward. These wedges are bounded by erosion surfaces that become correlative conformities on the upper continental slope, where they have been precisely dated. They form a hierarchy of bounding surfaces in the sense of Brookfield [1977] . Major seismic surfaces are traceable throughout the Gulf of Lions and they correspond to 100 ky glacio-eustatic cycles [Rabineau et al., 2005] . They bound major seismic units. Minor seismic surfaces have not been correlated at the regional scale [Jouet, 2007] , but display an erosional geometry, or distinct changes in clinoform geometries, within major seismic units. These minor surfaces have been correlated to distinct and well-dated climatic/sea-level events identified in long piston cores or in the PROMESS 1 drill sites.
In the vicinity of PRGL2-2, seismic facies seen on multi-channel and sparker profiles -Unit U150 is characterized by steep (up to 5°) clinoforms pinching out seaward and forming a ~48 ms (42 m) thick wedge interpreted as a forced regressive and lowstand shoreface . Cemented sands (C.S. in Figure 3 ), interpreted as beach rocks by Berné et al. [1998] and Jouet et al. [2006] are exposed on the seafloor 1 km south of the drill site ( Figure 3 ). Within U150, several minor bounding surfaces identified on the Bourcart-Hérault interfluve have been recognized here in this proximal depositional environment. At PRGL2-2 position, D63 is an erosion surface dated between 41 and 38 cal ky BP . D64 and D65 display more subtle changes, but theses surfaces are traceable in a strike direction for over 15 km (D64) and across the entire shelf edge (D65) [Jouet, 2007] . These bottomsets form the downlap surface for high-angle clinoforms deposited subsequently ( Figure 3 ). These minor bounding surfaces allow the identification, within U150, of four seismic sub-units, labelled U147, U151a, U151b, U152 ( Figure 3 ) . In addition, a sub-horizontal minor bounding surface truncates the upper part of the clinoforms of U150. A large number of shallow cores and ultra-high resolution seismic profiles have shown that it is a ravinement surface dated between 15 and 16 cal ky BP (at 99 m water depth), that formed during the last deglacial sea-level rise . Locally, this surface underlies elongated sand bodies (unit 155 of Figure 3 ), several km long, some hundred meters wide and 5-10 m thick, oriented NW-SE and interpreted as transgressive sand ridges . Figure 3B ) that seaward becomes a correlative conformity.
-Unit U100 displays continuous, low-angle clinoforms shaped, seaward of unit 80, into wavy structures, that could be interpreted either as submarine retrogressive slides or, more likely, sediment waves (see the review by Lee et al. [2002] ). These structures are asymmetrical with a steep side facing upslope, suggesting landward migration if they are sediment waves. In 3 dimensions, this unit also displays 3 subunits [Rabineau et al., 2005] .
-Unit U80 displays seismic facies similar to that of U151/152 at PRGL2-2 position, with clinoforms dipping at angles up to 5°, but the topsets are better preserved as in cross-stratification [Leckie and Walker, 1982] or hummocky cross stratification [Harms et al., 1975] can be inferred at levels ( Figure 7 , section 14A) but these largescale sedimentary structures are not easy to recognize at core scale. -D55 is a 10 cm-thick with pebbles up to 2 cm in diameter. Relatively high-diversity high-abundance molluscs assemblages are identified here ( Figure 10 ) with species pertaining to bivalves (Myrtea spinifera, Nucula sp., Nuculana commutate), scaphopods (Dentalium), and the typical prodeltaic association Turritella communis-Ditrupa arietina (serpulids polychaetes).
-U80 is a coarsening-upward sequence consisting (from top to bottom) in wellsorted fine to very fine sand (see grain size and Gamma ray in Figure 6 ) with planar- A high degree of reworking concerns the bioclasts (worn and chalky fragments), despite their abundance and diversity (Figure 10 ).
Chrono-and biostratigraphic constraints 1) 14 C dates
Radiocarbon dating has been carried out for the first 42 m of the borehole that fall within the radiocarbon dating resolution (Table 2 , Auxiliary Material).
We obtained good results for the top of the borehole (U155) and for the fine-grained interval of seismic U151 (Figure 12 ), whereas significant age inversions affect the sandy interval of U152 (Figure 12 ). Within the 14 C ages that are clearly distorted because of the occurrence of reworked material, it is worth noting that the measured ages show an overall trend from older (about 36 cal ky BP) to younger (26 cal ky BP) moving from the top to the bottom of the interval. Thus, rather than discarding them, we can use these data for discussing the nature of erosion during falling sealevels and eventually, the origin of sediments deposits during forced regression (see [Malatesta and Zarlenga, 1986] . They occur consistently in association with major bounding surfaces. Interestingly, these cold-water species are in most cases mixed with temperate species. The borehole data confirm previous seismic and sequence stratigraphic interpretations that the major seismic discontinuities are polygenetic erosion surfaces formed as sequence boundaries at the top of prograding wedges, during sea-level falls driven by 100 ky glacio-eustatic cycles, and subsequently reworked by marine ravinement during sea-level rises (see summaries in Berné et al. [2004] ; Rabineau et al. [2005] ). The age of ca.15 ky BP at the bottom of D70 found here (Figure 12 ) is consistent with ages given by Bassetti et al. [2006] and confirms that D70 was reworked by marine ravinement during the deglacial sea-level rise.
Transgressive deposits, which are very thin or absent on the outer shelf, except at the position of sand ridges (U155 in Figure 3 ) are capped by condensed surfaces during highstands. This observation explains the significant mix of glacial and "warm" fauna living at different water depths. In details, sediments corresponding to seismic surfaces D60, D50 and D45 include in all cases 2 coarse-grained intervals, separated by 10 cm to 1 m of very fine sand or silty clay material. These fine-grained intervals might correspond to transgressive deposits separating a ravinement surface (at the base) and a condensed interval (maximum flooding surface, at the top), as described for D70 by Bassetti et al. [2006] . The reduced thickness (<1m) of these transgressive deposits hampers their detection on seismic profiles. 
General stratigraphic organization
Biostratigraphy allows us to propose a general chrono-and sequence stratigraphic interpretation of the study area. Major seismic units with steep clinoforms correspond to sandy shorefaces or delta fronts/prodeltas formed during major sealevel falls and ensuing lowstands of each 100 ky glacial cycles. The age of seismic unit U100 (MIS 6-7) is consistent with a MIS 8 origin for seismic U80, immediately beneath. The perfect preservation of U80 (including preservation of the topsets of the clinoforms) can be explained by substantial accommodation space formed by erosion during the two previous low stands of the sea (MIS 10 and MIS 12), that were much more pronounced than MIS 8. Within MIS 6, three major sub-units with thick (>20m) and steep (>3°) clinoforms, labelled U95, U110 and U130, have been previously identified and mapped in 3 dimensions (Rabineau et al., [2005] ; their Figures 7 and 8). Among these units, only U95 extends to the vicinity of the borehole (Figure 3) , the others being situated in a more offshore and further east (ibid). In the absence of precise chrono-stratigraphic constraints, the origin of these multiple sand bodies within one single 100-ky falling stage systems tract could be attributed to purely autocyclic processes, such as switching of deltaic lobes in a supply-dominated environment, with stable sea-level being. However, considering that there is at least a difference of 30 m in the depths of the topsets of clinoforms of units U95 and U130 (ibid), it is more reasonable to invoke an allocyclic (sea-level fall) origin. In this view, the lowstands corresponding to MIS 6.6, MIS 6.4 and MIS 6.2 could be good candidates for the formation of U95, U110 and U130, respectively. 
Nature and significance of large clinoforms of U151/U152
The full recovery of sediments from seismic unit U151/U152, as well as the availability of precise time constraints (from absolute 14 C dates) for this interval allows discussion of the origin of large-scale clinoforms. These features have been often described from seismic data on many continental shelves, but rarely sampled.
Comparison with similar features from ancient stratigraphic record adds another interest to our results.
1) Synthesis of sedimentological and biostratigraphic information on
U151/U152
The sedimentary facies association within U151/U152 represents a typical coarsening upwards trend commonly described on wave-dominated shelves [Walker and Plint, 1992] [Dalrymple and Cummings, 2005] . This is exactly what is observed in the Gulf of Lions, where mud is confined on the inner shelf [Berne et al., 2007] . We therefore consider sedimentary unit 2 as part of the lower shoreface/prodelta domains. Despite the dominant sandy lithology of clinoforms, the impedance contrast that is at the origin of reflectors on seismic profiles (foresets of U152) is likely due to the presence of cm-thick clayey layers, or packets of such layers.
2) Integration of sedimentological and seismic data
Sedimentary structures and paleo-environmental indications given by fauna and micro-fauna confirm earlier interpretations, based on seismic stratal architectures (Aloïsi [1986] and subsequent workers): U151 and U152 represent wave-dominated shorefaces deposited during an overall sea-level fall at the end of the last glacial cycle.
The shoreface deposits observed here differ from typical shoreface modern deposits (highstand), which commonly show much gentler angle of clinoforms (0.3° on average, [Walker and Plint 1992] , about 0.5° on the modern Sète shoreface [Barusseau et al., 1994] ). On the other hand, examples of clinoforms with steep dip angles are reported in the stratigraphic record in forced regressive shelf-margins [Hanken et al., 1996; Hart and Long, 1996; Massari et al., 1999; Surlyk and NoeNygaard, 2005] . Quaternary margins worldwide also document examples of sandy (or supposedly sandy) shelf or shelf-edge shoreface or deltaic clinoforms with angles of dip similar to that of the Gulf of Lions' shorefaces [Anderson et al., 2004; Chiocci and Orlando, 1996; Hernandez-Molina et al., 1994; Hiscott, 2001; Suter and Berryhill, 1985; Sydow et al., 1992; Trincardi and Field, 1991; Trincardi and Correggiari, 2000; Winn et al., 1998 ]. Possibly, the difference in slope angles between present-day shorefaces and Pleistocene/Ancient indicates that the latest record progradation with more abundant sand supply, whereas modern examples correspond to equilibrium profiles of sand-starved shorelines-shelf system. An alternative (or additional) explanation is that these shorefaces could in fact correspond to the "asymmetric wave-dominated deltas" that form updrift of deltaic systems subject to longshore drift [Bhattacharya and Giosan, 2003] . Such an asymmetry has been described on the modern Po delta [Correggiari et al., 2005] .
The steep dip angle of the clinoforms measured on seismic profiles is consistent with slope measured on the modern delta front of the active Roustan distributary channel of the Rhone, i.e. about 4° [Maillet et al., 2006] . Another alternative explanation has been proposed by Trincardi (Pers. Comm.) , these sand bodies being interpreted as the product of along-shore sediment advection to deeper areas of increased accommodation, as documented for the muddy regressive deposits on the Adriatic [Cattaneo et al., 2007] . [Hampson and Storms, 2003] . On the other hand, they are comparable to the thickness of some ancient shoreface deposits such as the Kenilworth Member of the Book Cliffs [Pattison and Walker, 1995] . An explanation for this difference is that modern shorefaces prograde over inner shelves where accommodation is limited because of the low gradient, whereas the shorefaces studied here developed at the shelf edge. In addition, the steep clinoforms of U151/152 and U80 developed immediately seaward of a step in the underlying surface (Figure 2 ). Probably this step provided additional accommodation for shoreface deposition, as proposed by Trincardi and Field [1991] for Tyrrhenian Sea shorefaces, or as observed at the outcrop scale by Massari et al. [1999] . Dansgaard et al., 1993] , with Heinrich Events (HE, Heinrich [1988] ) occurring at the end of some of the coldest stadials.
In the lithological succession within U152/U151, we observed coarsening upward units indicative of a general regressive pattern that appear separated by flooding surfaces mantled by fine-grained sediment. In particular, such flooding surfaces are observed at about 29 and 40 mbsf which correspond to seismic reflections D64 and D65, and are indicated by sedimentary facies suggesting a relatively abrupt deepening as marked in Figure 13 . Siddall et al., 2003 ].
On seismic profiles, a very pronounced downward shift surface corresponds to seismic surface D63, that marks a very distinct erosional boundary between bottomsets of U147 and steep (probably sandy) clinoforms of U151 (Figure 13 ). At the resolution of seismic data, this surface is merged with the main sequence boundary (D60), however, we notice a distinctive fine-grained interval separating two very coarse intervals interpreted as ravinement surfaces. This interval has not been dated on PRGL2-2. However, it was dated previously in a piston core at ~ 41 cal ky BP , whereas an age of ~ 38 cal ky BP is found at the deep borehole PRGL1-4. The relevance of the erosion linked to D63, as it is seen on seismic profiles, can be explained by a much higher magnitude of sea-level drop between 43 and 40 ky cal BP (about 30 m according to Arz et al. [2007] ). According to these authors, the magnitude of the ensuing sea-level rise was in the same order (Figure 13 ), within only ~2 ky (about 1.5 cm/y), i.e. a rate in the same range as that of melt water pulses during the last deglacial. The stratigraphic expression of this rapid transgressive interval could be the thin silt and clay layer situated at 41.51-41.56 mbsf between two coarse-grained intervals ( Figure 11B) , immediately above D60.
Finally, within the prograding shoreface deposits recording the overall sea-level fall between MIS 3 and MIS 2 display a sedimentary motif linked to higher-order incremental sea-level falls and subsequent rises (Figure 13 ) that erode the upper and seaward terminations of previous deposits and initiate a new phase of forced regression. These minor bounding surfaces, created by these pulsations are genetically similar to the major bounding surfaces, in the sense that they represent surfaces linked both to a fall and rise of sea-level, but their lithologic expression is different from that of major bounding surfaces (D60, D50, D45, D30) because the magnitude of sea-level changes and duration of processes at their origin are shorter.
This scenario also allows the explanation of the age inversion observed within the 14 C data from U152. In the context of general sea-level fall, the uppermost clinoform samples are sourced from deposits reworked from the entire emerged shelf (and therefore older on average). On the other hand, the deepest clinoforms correspond to a period of higher sea-level, and include less reworked material. Our scenario of shoreface preservation in response to pulsed sea-level falls is quite similar to that proposed from the interpretation of ancient shoreface deposits. The concept was initially proposed by Plint [1988] and subsequently developed and applied to several ancient examples [Hunt and Tucker, 1992; Mellere and Steel, 2000; Posamentier and Allen, 1993; Walker and Plint, 1992] . A synthesis of the stratigraphic expression of such "falling stage systems tracts" is given by Plint and Nummedal [2000] . In the rock record, good examples of downstepping clinoform units separated by ravinement surfaces, very similar to our Gulf of Lions shoreface deposits, are given for instance by Surlyk and Noe-Nygaard [2005] wedges. This is probably the case for MIS 6.2, 6.4 and 6.6. 5. Our results differ from those of the Adriatic sites of PROMESS [Ridente et al., in press] where shelf deposits are mainly composed of prograding interglacial fine-grained deposits, due to increased southward advection of sediments from the Po during high stands of sea-level.
6. Within the last glacial/interglacial sequence, cyclic changes of sedimentary environments show that the clinostratified bodies are composed of several higher-order (para)sequences, bounded by flooding surfaces. Radiocarbon dates indicates that these minor bounding surfaces record rapid sea-level changes during the overall MIS3-MIS2 sea-level fall, in phase with the highresolution isotopic records of the Red Sea [Arz et al., 2007; Siddall et al., 2003 ]. [Lisiecki and Raymo, 2005] .
14 C dates provide an accurate chronology of the last sequence (U151-152). Deeper in the borehole, the detection of significant nannoplacton events are utilized down to MIS 8. The bottom of the hole has been dated on the basis of seismic correlations with the PRGL1-4 borehole (see Figure 2 ). 
